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(a) 





1 

mxm i ] imvmmic, wm.=f-<»$k£\c <t <o mm 

[Il5t<S2] *<DltmMmti\ 0. 5-5 Om'/gT'fc 

1 *fctttt#a2£8E«©^r1j. 
0**314 3 BufB&Wbft©^^ Wt^* 

3 KE«©^»*. 10 
CW*S 5 ] fiflSBIKKtf©^ 1-10 0 nmT'fe 0 , 

zrcziimmom&tf 1 o mtt±ao«tiii© 1 / 4 w 
TT-fe?.is*s 1 ~ 4 oi/^-r 1 micmm<D^m> c 

HM&R6] WSB^fLSSti, ^©a»tf 1-5 0 

«*%T'$>sii*3S 1 ~5<o^-rn^ 1 «fcis«©^tt 

T?*5»*5i 1 ~ 6 ©iv>-f tlfr 1 «KlE*©^«flio 

*U7-r yjR«*iT*fcsffl!#« 1 ~7 ©^-ftifr 1 mc 20 

E«©*«*. 

s 1 ~8©^-rn^ 1 m.KtBm<D*Fmfio 
imxm 1 0 ] tmm 1 - 9 ©^-rn^ 1 s^isas© 

mxm in i~io ormmommmimKDmiL? 

t, *<07 0%&±ifi 1 0-8 0 0 fcfflgBtttt 
2 **«i:U *> WttKS&JfclXtt 

imxmi 2] tuazmmit, mnttmm^-cimm 
mmic «k 0 $»© 7 0 %w±# 1 0 ~ 5 0 

0 ring, $ h fc 6 0 %JJ(±tf 1 0 - 2 0 0 imStC £ ftfc 

1 l 2 fcE«©^«*li©SHi£&, 

[»#«i43 huIes«{c7^-^— mm<t?$>m 40 

*4?*^f£-g\ 0 0nnWT?a6*SR*Hi*!!a 

J»-f 11-13 O^-ftifr 1 9tKK«©*««i 

©SI3g£?£ 0 

[fgB.E©ffi»tHB,E] 

[0001] 

bmj©*t $««#»] sawn, autsstciftia? 

©^^mrHl-b/^-^^LTffll/^T^*'; 2#« 50 



W Pj3¥ 1 1 -3 1 5 4 7 2 
2 

[0 0 0 2] 

£#t/3t^©atffifcttii£-fc!\ *©fc«»fc1«^**#o 

«H6*«s?*5*jt^«i6*nT^*. mm. mm 
mm&mz&mzitit k> , $ awa*- h Kits* 

[0003] c©rt, mwmwy~YKwm\tm^ 

3fi< $T«-r§ c tic * 0 tftttmm summm 

[0 0 0 4] cn^i»:*5^T, fiM&i?fb«c£§ 

cna, &$fi&<b^©affi«#if*5c: 
£kj:d, %w%Lt<Dmmmmtf<&mcmimb, *© 

ctmibtiio l*»u c©«*«i«»{fc«i©»« 

«ilft:«©»»**it J f»-ri:fc^!iL<, iSgJUtLT*- 

[0 0 0 5] cn&ttWKfctt*tt*£«fcttdHb& 

■&T7i';i/^*if©JiitfffbWSr4(c^;ffl$nfc0. 
W«ft©5SrJK»**ffi^«"&TiH*tt*K4{>fe«H!l©-l: 

[0006] cn5©«j«1li%«Ji!!-b^u-^kLrfli 

[0 0 0 7] «H6-b^U-^»Ctt, WSijfr^'JTiK 
ffl> «»©aE)»«»tt%llft*-&S*^©iailBj!)^ 

[0 0 0 8] C©#U*l/7-f >3R««l©^»fli (W 
MnTfc 0 ttfti©fi£rtfHbfc:teijl)jlT'&5#, gffi^ 



(3) 

3 

<&>o 

[0 0 0 9] LfrU #'J*U7^y*8WJ©Sffi{cW 

«»««i«tt^«4aiSKfiT'r«aifoiaiJHj«*'«ofe. io 
fiW*ffl^fc *;u* y fb& if ©<b^©a£fif& u fc j§£ 
[ooio] cne.oiajii*<w»-rsfc«>, ftft&fcfe 

5WToa«tfllBI*nTV^*. 20 
[0 0 1 1 ] #F^¥2 - 2 1 3 0 4 7 tt^f 
gtf 5 0 0 /i ■MT©IMMtt***»ft:*'* V fe L < 

ymmtrzy*. *«aaroj&£*jB^T, o. i~ 
i oa«%f^$€fcsm-b^u-^^iB«tnTv^ 

[0 0 12] LfrU «fM¥2-2 1 3 0 4 7 ^cDttHfe 
■fe/<U-*»i» #'J trr.;l/7;l/3-;I/ftif0^r«tS*a«J 

$5,tKfb^^>a®{cWTO»8ij 

[0 0 13] ^¥8-6 4 1 9 3^&f8fcfcJ\ 

[0 0 14] «pM 3 F9-5 9 4 03^4^BfC 

r«Bu^<D(b^«iafc * >fb t: raea-e* 0 , 50 



11-315472 

4 

[0015] «ft©astt*©iefctt, mm&tfm 

ft, SttKiWirrsfcflSKSftS. f&fc^ WHS© 
<&ofc«£, «Jl!!tt^iSWt3b^*«:<ftt)*f9»i:ft 
[00 i 6] ifi¥, *ifi©g*ft<bfe«fctf*$fi{t©B 

[0 0 17] Jtf_L «H6-b^b-^«r0>JtcgiWLfc^ 
7*/I/***©fl&©ffl&fc*j^T«,, ftMKfMWRtt? 

[0 0 18] 

«e*a«ffcfiFfiE-rsrajafc3Bi i/cfcsnfc «>©?<& 

[0 0 19] 

[0 0 2 0] M$£2 fc£«©«W0*«*lf«\ fS*« 
1 CE*0)l8WKfelr^T, ^©tbSffi^O. 5-5 0 

[00 2 1] W*«i3fcfB*0»W0^li*«, W*JS 
[0 0 2 2] IS««4 »ClB*0»W©5Rafflitt» »«® 
T*$.St©T'feSo 

[0 0 2 3] W*«5Kffi«0«W0^liflif4, »J#S 
l~4©^fto 1 «tc!Bic©^IWtc*3^^T, ?$I4^© 
mtf 1 ~ 1 0 OnmT'feO, t/c^?L«®©)¥^ 1 Onin 



(4) 

5 

[002 4] lf*«6 fcfc«©»H©*i»|jM\ UfcRB 
©li$)!)M~5 0lI%t'^fcCT'$>l>, 

coo2 5] m#m7 \ciiW.<mm<D*®Mit. mxm 

l ~6©^-f ttfr l «{c|2«OliWfc*3^T, $*!©¥ 
i^gtfl ~3 0 fimT'& £<£>©?&£„ 
[0 0 2 6] tt#«8KK»DBIH©^i*tt, W#8 

i ~7©t>-rnfr i ^(ci2«ctonwfct5v>T, ant^d? 

[0 0 2 7] »*«9fdE*oaWO^«*tt, 

1 ~8©<,vfnfr 1 «effi«<05IW(t43V^T, *©&i;Ni 

[0028] i o icmm<Dmn<D7>\<j} y 2 #m 

WtH?/SU-*£LTffl^£t>©T*&5 0 
[0 0 2 9] »$$ 1 1 tcteig©?^©^^©!^ 
i~i 0 OnaaoftMKfbKOfKtt?^. f<07 
0 % J2t±tf 1 0 ~ 8 0 0 nm@T-& 5 buIE^S?© 2 20 

[0030] 1 2 \mm<omi<o*mftv>wMfi 
mt, mm \ 1 Kaa«o«wici3v>T, 
■p«*bwi«uc d: o mm* n, ^©rss © 7 0 %w± 

tfl 0~5 0 0nm@, S5K60%W±* , 1 0~2 00 
nm&T*££fc©T-&So 
[0031] 1 3 fc83«oaWO^WflJ©»Jfi* 30 

ffitt, 11**1 l*fctt8»*«l 2 KE«0»WK:*V^ 

[0 03 2] 1 4 lcffii$©fP,1©IIftI!B a n©S¥>g 

£i£W\ »«JS ll~l 30i,vfnfr 1 3S»c8B«058W 

»fi* t 4ooi»wTT?*a*n«i*!a»'rs*.© 

[0 0 3 3] 

m.w<r>mm<DBM\ txr. c<D^m<ommmmjc-o^ 40 

[0034] *%wit, 7Fmmzmi&rsim<o8mK. 

zm*.z>ct\c%9, *(Ditmm®tf&<%%o tit. 
mi\mtm\ LfttfoT. 50 



WpBB¥ 1 1 -3 1 5 4 7 2 
6 

[0035] ^nm^m^^ctic^t)^Bn<D^ 
mis mummizkikRmzyjfrztLT, *fc 
mMMUft&mic&tircWM-trtu-* t lx, ux<d 

[0036] ixr, ^nmo^mm^w&^iy-^t 

t$BB¥8-6 4 1 9 3*f©fP>1^ WKt©$iS(C« 

[00 3 7] Sfc, «pBBJP2-2 1 3 0 4 
£fc*i^TS*W*cSa5o WB8¥2-2 1 3 04 7^ 

«H±©iB©3asfLfc, Gmmvtm^xmit** y®. 

[0 0 3 8] cnKJtL*«IWO^W?tt, ^7j<tttl« 

5o c©^?LSS(i, ««©£is©*»#*«5tt{c# 

*i©£iBfc5£»Ltv*i:**&ft*o -r*to-6, #8* 
W©f«*fi, Waia*SiJfe L < tiWffiStt8iJ£*«W 
fc&gt L£^©T\ *?fi©fctt*£ffl#ei\ Witt 

tefcffiTS-efc^. £?LStJf a, ^©^gPfc^isi 

©WWSff»tti3J:tfiffxailtt*W«)*c fcjVT* 

[0 0 3 9] »BB s P8-6 4 1 9 3#©»Wtt» SB^ 

«l^l/*lttt©*B5»c#»*«, }»JH«*-rsc4:fj:«fe 
OJRftlWbfte^ fc L< tt7ka«jti^i&«lt±K:#f ffi^ 
^?#§fe©T-fe5 0 c©SMJ«\ tKH$iB(c«e?« 
ffiferaMEfc^rt^ ^-y*©J:dS:««i*«j«« 

^ *?fi-fe^u-*fc«7ictt*M4"r*t©"pJ6s. 
[0040] cntc^L, *aw©^«*tt, ±kE©j: 

6419 m<Dwnt¥k%%» wm<DBM±w^mjm 
««*f*«*€Tfe, *©a*tt«j«^^?LHH*«ia 
L^ttntf, ttffc-fe/Sb-*©«»i£0ft$tt{i-t-#-et± 

*V>. -Tftt)^, 1*B8¥8-6 4 1 9 3^©f6Wtt, « 
»«««ftt*^+»1?» o fc 0 
[00 4 1] *f8W©^«*tt, ^©it^ffiS^O. 5 
-5 OmVgT'SSCii^f L<, 0. 5~2 0inVgT- 
fe5 Ct^^lC »jiT'*^o C©l±Sffi«ltf0. 5 id 2 
/giO/hSv^tt, ^?UMB©*ia^llL<*»>, $ 



(5) 

7 

<Dmr3icfe%t><Di&^ffl.m?MMV!>tfft&L>pt< ft 
o. 5m 2 /g«j:0'j^v^, mMm<D&fmmt)i'i^ 

%^t, m®<DmftmmcjEM?*$££-?%Mmfix<DJS io 

<ft!3, «fficD^«1t^K<^§ 0 ft*5, -JfWS 
U^iEWi 1 ~ 1 OmVgTfeSo 

[0 0 4 2] *^^?L»^%ffM-r§ts&^«, S 

©aSf* ( »It^5 0 cft&<Di*i«rfcIMfc*-*>*sJ: 
J f»K{t^;l/nr:->A{4Sytt*y7j<»«4i;©7^AU« 

[0 0 4 3] *f8WO^«flJKfliffl , rSl*tt : ?©a««F 
KBJtSftatOT'ttft^tf, &?$L<ttl~l OOnm 
T'fctK 5-5 OnmAUOWSU^ $fc» £fLH«£ 30 

?<D&# 1 nmJ: 9'h*^*£tt, fif»l3^T3X 

£ft<ft5 0 ^^fciMRiStffcfe^TSyii^^-r^ 

[0 0 4 4] £?L»B©JP*©#S Ll^KHtt, 1 Onm 
J-X±, <fc 9 # U: L < « 2 0 nn>J-X±T\ j^OltttOSfclt 
«fct)»SL<ttl/6WTTa&*. £ 

ns.m<Dmmi, ixT<Djj&xmfex2%o ^«**e 
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8 

£ft<ftS 0 COJ»**<aitSOl/4J:0W^ 
BiigfeL<a#7L»BOSli«^iBct)S<«:*. #f8flH 

< * o > nm&em&tf*+ftt% o 
[0045] znmmzmmtzmtLTis., 

Bt«tf£<ft3o WK^ttlWiaflSte^-fcf* 
iiifr&£DVJJtLlt< 

[0 0 4 6] Sfc, *«WO^H**«}ft-b/<U-*k 
f*«£K:, £7LHJf 2 fciu SSftic«£ 

lfr?H±©IW«*^3. -r*t>"B, £?L«J1©£I$©* 

tsav nMzm&tzmvanvmv&mictt^xmm 

[0 0 4 7] *S6WO^»f|i<oatttSBSK««SnS^ 

sswo^asflio^fiatcWLT 1 ~ 5 onm%x&%c 

tftWSU^ COll$il)ilil%J:D/Mi^ 
tt, £?LRJH©Bliasffl£tf/hS<4!K SWfc, 5 0 
Jlfl%«tt)^:#v^tt, H«ra0RllHlK:£<*jq£LT 

SL<(i4~30 fiffi%-£&£ 0 Sft^^ 4 M%J-XT 

T*fe 5 1 «»fg«^tt*' i ^+» * o , 5 o aa% j: k> 

<ftt»> j e-OlSk:BllBl3!)^#S<ft5o ^bT, 
fc«taWBM©!aiRtfjEc:DS<ft'3, ft«fio*fft^® 

<ft§o 

[0 0 4 8] *»m07iS«0a»l0ffii»« ^CDfflii 

7;i/*Utt«B«*ffiffl-rsfc«>. B7;i/*Utttc«n 
5 # 'J 7 = F t L < ttsj? V * U7 4 >36©ta«*W$ L 

5 # 'J 7p fcT V y L < {** U xf U > ^jffiiT'fe 5 0 

[0049] *»w©^»(iioaB8ogt,±is©aai: 

^ftifKffifflSnSJpHfliKtel/^Ttt, 0. 5-3 0 ji 
ilgStffKftOtfSl^ftt^o *«WO^«fli*«H!!-b 



(6) 

9 

fe5CiWSL^„ «kt)g*L<«3~l 5 /imT'& 
So SilS<DSft<l fira«kD«fl</ m^-b^U-^ 

a*vi^<ftt), 

#£&So tfxiSiBttfco^Tfi, 75^-;W6 (J I 

S L 1 0 9 6) KSe^W^LfcttT 3-1 0 Oral/ 
(cm 2 's)«L<, 5~6 0ml/(cm 2 Off* b 

</\> 10 

[0050] azktta^jgsst-rsJi^fctt, ^?Ktt 
s„ s&t, tmmmz®7MtmmLfci%^ mmc*. 

So 

[0 0 5 l ] *»WO^«*Ot!3g*ffif4, f#fcPfi££ 

nsto-eti&v^v wTo*s*w* u\, sr, i 
~ 1 0 onm<Dm®mit¥am&?<D2$iim%i?it, 

fc, fO7 0 %J-X±# 1 0-5 00 nmT'&S C £ tfjlfiS 
XhK>. «6fctt6 0%W±*M 0-2 0 0nmT*&SC 
fc#3*U\, flB»»»K, *SM©*£^2&ig|||*a 40 

to o 5 2] mmonmit. ?k u< «* 



^P?fl¥ 1 1 -3 1 5 4 7 2 
10 

fc«7;l/3-yWRW««*Jfc7kofi»a-e*SCi:*W 

[0053] $ fc, wtoaai^^icttTSsis^tt, 
7/l/3-;l/**«»«ISfctt7^3-;^W«SfaiJk* 

~8 0fi»%AW$Ll\ 7;l/3-;Wi, x*/-;k 
2 -7p/ V-zb^ifAWffeSo *<0*J£tf&3: (3 

aut^si? y 75 Kiwto «fc d ft«*tt-e*s«^fctt, 

[0 0 5 4] ^{c, co^MRffii&JtKtoaiBfc^flj'r 
So iMWis&tt, &{cpg5££ftS&<D nftftt 

Tfe&t^V ^fStD^lHl^TPBbTfccfc^o -« 
flfyc^ffi-f Silfifi 1-2 0 Og/LT'&So C©»JS^ 
1 g/L<fc K) tti^»*(4, 1 @©ffi*-eaMtoaiBJc}gj« 

•JilSfcttnfcfft&ft^o fettle, 2 0 0g/L«fct)iB!^ 

So ccoii^rtt, wK?An»eiaoiSKiia«8i«>T 

*JC<effl-rS«^Kt4, 1-10 0g/U Z ZK.lt 1 - 
6 0g/LfaKAW*U\, 

[00 5 5] «-»*%f**?-&fc^«fli*ej» 

mm&mx$>?x$>&<, wtcBjEsnsfeo-pttft 
tc iMftis*jgflfr siittCcfcoTt, £imm&Bi£2 n 

[0 0 5 6] J-X±^J;^{CLT^$n7c^7La®{i. 
««taiiH:J:<S»L, S^iS^^)5SLTt5&ifSf|gt 

®{t^issia[?©2^jg^Hft^LT^si: ttmm 

X&Z>k.%Xt>t\%> 0 

[0 0 5 7] ffc> 7-f^f— e3?BWfc*-*>£3tyfc« 



11 

m{tmb?zm^TmmLtt¥m<D*m;ic, 400 

[00 5 8] *»WO^IWi*Wfi , fe/^U-^i:LT*! 10 

tt»Lfc«^o«*S«»tt) *»fflft«tt«rtttf «fc 

[0059] f$ic iwtf-*yfeu<ttiWk^i/3^'> 
LcomiLTfr e> ft s £?lhh*** a -t* a b- $ zm^ 

awaTttfti/^, wT©J:9fc#A&n*. ®<b^* 20 

KffctflSSns «*te*«o<: 

mitmt. mm mmmtco^m) ^^-txiz^m 

[0 0 6 0] »ftf-^>fcL<ti»fl:^;i/3-«>^6 
ft§^?LSl^*^5-tr^b-^^fflv>/c2^*H!!(i, 30 

*i)iR^«me»)mftift*5^T, *©i#it*ai!i»« 
icjmxt 5o 

[00 6 1] 

fitT, HafiM*5«fctfJ±K«fc«fc0, 

[0 0 6 2] (¥i3St«&) j£2I!*?Hr«8*fflV>T 
MK£l. OOOffirreJSJMBU *©¥Wt*5ttStt 
St© 1 0 0 $©li*tS£i»J 0 , #*»6¥1$ Lfcffi?fc* 0 40 

[0 0 6 3] (itt) lm 2 Sfc9©^*&fc©fi«T*fc 
0, *{ftttg/i "Cfc*. ftfc, *»|j*ffi8fC0. lm 

fcBUfbfco 

[0064] o»») ^®fi<D&m<D 5 taw* v-r * P 

[oo6 5] mtm *m><DEtttm&tfrt>»m 
zti$>&mf®mpzim<D®mpox'm-orcm<D-gft 50 



1 1-3 1 5 4 7 2 

12 

mx&% a 3?t«$=p/p0x 1 OOT'fe 

%m&t>m < ft 0 , £?L#'>ft < ft 3 c tit* bn> 

So 

[0 0 6 6] (WM0 ^l»Uf«:f**1-*»ftf-*>t. 

b<tt^{t^/un-^A cut, Kfb«ifcft-r*) ©a 

«w£\ mfr©MT'fJo7£ffl©g£#-?&3 0 "Tft 
«) x l 0 0 ftfc, *«WO^It^*ttitft 

0. lm^y^uy^bii^bfco 

[00 6 7] (£?L»i<DJP#) l 0 

o kg/cm 2 <DE.tixK.mu ®mfrt>®ftmc&iiMm* 

Jt«©»rffi*JIT, *©J»#*W-aibfc. fttJ, 

[0068] ouifis*) *m*<owmz&MK4)->'7 
-*-k»u m^fomm (j6Hft¥«su-2T) 

*£#Ma 2fcSISLfc. COi:fcDS«M-rftb% 
(a l-a2) *, iKbtl«*wT*fiJofcfii©W#35tf 
fftfc-5, fltt«*= (a l - a 2) /w 

x i oo-cfcSo c©«*ms^«h, znnmtfwmo 
mmc&miciz%Lx]$K>, MiKfttf&^ztz^Lx 

[oo6 9] Qtmmm b. e. Ta»»c»^<ffiB 

#X(R*ffi*2i*4: bfc B E T itSfflail^gfi (* > 
*V-7 QS-17 QUANT A SOR BttS) * 

[00 7 0] (il^fiffiT^) 7 7 -y-;l/9!ian»*ffl 
l^TJ I S L 1 0 9 6{Cbfc#V\ ^WfliOiiiaS 
b 1 t^mtom^A b2t U ZOM ( b 2 - 

b i) %b 2-esjofcffi<DB#*"c*s. -rftt>^> a 

SCfi{£T'$= (b2-b 1) /b2x 1 0 0T*$§. d 

ft<, ^^©^xSjitt*^^ci:^bT^?> 0 
[00 7 1] 1 00X 1 0 OmmCPR&fi 

(S«c 1) %3 0fi*%*lft{b*U'>AKOH*}S« 

Tif»Bb, ^fli©fi*c ZZ'MMLtZo Z<D£Z<D 
K 0 H7K^f«©5SS«^ c 1 Xm-i feilOI^S^ 
ffiffi^T'feSo g^«fi^= (c2-c 1) 

/cixi OOT-SSo CQHttfittWE* fllft-fe^U 

[0 0 7 2] 7 0x 7 0m©*»# 

(S«d 1) ^3 0a»%KOH7K^fC3^^jt 
b, 2t5?fife©5 A«)RO±fCC05p|t**llSr» 
±^P>2ttfife©5 A««%Bt^fc. C©±fC 
1 kg©*Pfi«^H^T 1 tfHttlBU ^^©affld 2 



(8) 
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* (d2-d 1) *d l-P9Bfcffi©E#*anRttD« 
TOt>«fS^= (d2-d l) 
/d 1X1 0 0T-S5. COflMKb^S^ aja-tAb 

[oo73] tiwj i ] mmmtfi 8 g x^ u 
j^^as 1 5 iim<DZ$ffi-&$mt* 5 o % : 5 o % io 
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providing the surface of constituent fibers with a porous layer A ; 

consisting of microparticles of inorganic oxide and the like so as 
to fully manifest the function inherent in the microparticles, and 
to provide a method for producing the above nonwoven fabric. (a) 

SOLUTION: This nonwoven fabric is obtained by providing the ^^^^i^L^.^ft^^H>"IO 

surface of constituent fibers 1 with a porous layer 10 consisting 
of microparticles of inorganic oxide and the like, more precisely, 
for example, the porous layer 10 is formed on the fiber surface 
according to the following procedure: a dispersion is first 
prepared using, as salute, secondary aggregate particles 
consisting of titanium oxide or zirconium oxide microparticles 1- 

100 nm in size and another kind of microparticles with >70 wt.% i 10 

thereof having a size of 10-800 nm and, as solvent, water, an 
organic solvent or a mixture thereof; subsequently, a nonwoven 

fabric is immersed in the above dispersion and then dried. This ;w i_ 

nonwoven fabric is usable as a filter or battery separator, ' ~* ^frl^W 1 3 

exhibiting high performance in various applications. ; ^ 
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CLAIMS 



[Claim(s)] 

[Claim 1] The nonwoven fabric equipped with the porous layer formed of the set of a particle on the surface 
of fiber. 

[Claim 2] The nonwoven fabric according to claim 1 the specific surface area of whose is 0.5-50m2/g. 
[Claim 3] Said porous layer is a nonwoven fabric according to claim 1 or 2 which consists of a particle of an 
inorganic oxide. 

[Claim 4] The particle of said inorganic oxide is a nonwoven fabric according to claim 3 which is titanium 
oxide, a zirconium dioxide, or the particle of these mixing. 

[Claim 5] A nonwoven fabric given in any 1 term of claims 1-4 whose thickness of a porous layer the path 
of said particle is l-100nm, and is 1/4 or less [ of lOnm or more and the diameter of fiber ]. 
[Claim 6] Said porous layer is a nonwoven fabric given in any 1 term of claims 1-5 the rate of weight of 
whose is 1 - 50 % of the weight. 

[Claim 7] Said fiber is a nonwoven fabric given in any 1 term of claims 1-6 the pitch diameter of whose is 1- 
30 micrometers. 

[Claim 8] Said fiber is a nonwoven fabric given in any 1 term of claims 1-7 which are a polyamide fiber or a 
polyolefin fiber. 

[Claim 9] The front face of said fiber is a nonwoven fabric given in any 1 term of claims 1-8 which have a 
hydrophilic group. 

[Claim 10] The alkali rechargeable battery using a nonwoven fabric given in any 1 term of claims 1-9 as a 
battery separator. 

[Claim 11] The manufacture approach of a nonwoven fabric of making a porous layer forming in a fiber 
front face by manufacturing the dispersion liquid which make a solute the particle of the inorganic oxide of 
the diameter of l-100nm, and secondary floe of said particle those 70% or more of whose is a diameter of 
1 0-800nm, and use the compatible liquid of water, an organic solvent, or a water and an organic solvent as a 
solvent, making these dispersion liquid adhering, and making it drying. 

[Claim 12] Said dispersion liquid are the manufacture approach of a nonwoven fabric according to claim 1 1 
that a solute is pulverized by the mechanical shock in a solvent, 70% or more of a solute is made into the 
diameter of 10-500nm, and 60 more% or more is made into the diameter of 10-200nm. 
[Claim 13] Said solvent is the manufacture approach of the nonwoven fabric according to claim 11 or 12 
which is the compatible liquid of an alcoholic system organic solvent or an alcoholic system organic 
solvent, and water. 

[Claim 14] The manufacture approach of a nonwoven fabric given in any 1 term of claims 11-13 which said 
solute is made to contain an anatase mold titanium oxide particle, and irradiate the ultraviolet rays whose 
wavelength is 400nm or less. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the alkali rechargeable battery using [ and ] the nonwoven 
fabric as a battery separator about the manufacture approach of the nonwoven fabric which can make the 
function which the particle originally has discover effectively, and its nonwoven fabric by using a particle 
for a fiber front face and making a porous layer form in it. 
[0002] 

[Description of the Prior Art] Conventionally, particles, such as an inorganic oxide, are made to adhere to 
the front face of a specific structure, and the method of making the function which the inorganic oxide 
originally has discover is proposed. For example, it is the approach of coating with the sol of an inorganic 
oxide the plate manufactured with the inorganic material, making it gelling, making an inorganic oxide coat 
forming by making it sintering, and using a binder for an organic material sheet, and pasting up an inorganic 
oxide particle on a sheet. These structures can demonstrate effectiveness, such as sterilization which is the 
function of an inorganic oxide, antibacterial, deodorization, disassembly of the organic substance, and 
reforming. 

[0003] Among this, since it is difficult to sinter an inorganic oxide at the property top elevated temperature 
of an organic material when pasting up an inorganic oxide on an organic material sheet, a binder is used in 
many cases. Moreover, after making an inorganic oxide sol coat and gel without a binder, a pressure is 
applied and the method of pasting it up is also advocated by heating to near the melting point of an organic 
material. 

[0004] In these structures, in order to heighten the effectiveness by the inorganic oxide more, it is necessary 
to increase the surface area of an inorganic oxide. This is because the effectiveness becomes a touch area 
with an ambient atmosphere increases inevitably, and is easy to be demonstrated, when the surface area of 
an inorganic oxide increases. As an approach of increasing the surface area of an inorganic oxide, it is 
possible to increase the absolute magnitude to paste up. However, since the force fixed on the surface of a 
structure with the increment in the amount of adhesion of an inorganic oxide in this case becomes weaker, 
the problem that bond strength falls newly occurs. On the other hand, the surface area can be increased by 
making the particle diameter of an inorganic oxide small, without increasing the amount of adhesion to a 
structure. However, since the particle of an inorganic oxide forms the thin film on the surface of a structure 
in this case, it is difficult to increase the amount of adhesion of an inorganic oxide, and it cannot increase 
that surface area as a result. 

[0005] It is applied to environmental purification ingredients, such as a filter, and the structure on which 
these inorganic oxides were pasted up is applied to the separator of the cell which was made to discover the 
bactericidal effect and the decomposition effectiveness of the organic substance by the inorganic oxide, was 
made to discover the reforming effectiveness of the organic substance, and raised the hydrophilic property 
etc. 

[0006] The following techniques are used when using these structures as a battery separator. 
[0007] Although the nonwoven fabric of a polyamide fiber was mainly used for the battery separator for 
some time, while it is cheap, there is a problem of worsening the self-discharge property of a cell, and the 
nonwoven fabric of a polyolefin fiber has mainly come to be used in recent years. 

[0008] Although it excels in electrolytic-solution-proof nature and is the the best for the reinforcement of a 
cell, since a front face is hydrophobicity, the nonwoven fabric (a polyolefine nonwoven fabric is called 
hereafter) of this polyolefin fiber has small compatibility with the electrolytic solution. It is an important 
property which influences the engine performance of a battery separator, the compatibility, i.e., the 
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electrolytic-solution holdout, with the electrolytic solution. Then, hydrophilization processing, for example, 
grant of a surfactant, corona discharge or plasma discharge, graft-polymerization-izing of a hydrophilic 
group, chemical treatments (sulfonation etc.), etc. are performed to a polyolefine nonwoven fabric on the 
front face. 

[0009] However, when a surfactant was made to adhere to the front face of a polyolefine nonwoven fabric, 
the surfactant was eluted in the electrolytic solution, and the cell engine performance fell, or it returned to 
hydrophobicity, and there was a trouble of electrolytic-solution holdout falling extremely. Moreover, when 
corona discharge, plasma discharge, or graft polymerization-ization was performed, and left under the 
elevated temperature, the point that a hydrophilic property falls remarkably, the point that there was no 
endurance, etc. were problems. When chemical treatments, such as sulfonation using concentrated sulfuric 
acid, are performed, the electrolytic-solution holdout has improved considerably, but since the point and 
processing in which degradation of extreme fiber on the strength takes place were complicated, there were 
troubles, such as a point that a battery separator becomes expensive. 

[0010] In order to solve these problems, an inorganic oxide sol and a particle are made to adhere on 
configuration fiber, and the technique of the following referred to as acquiring a hydrophilic property is 
developed. 

[001 1] The battery separator to which the titanium oxide or hydration titanium oxide whose particle 
diameter is an amorphous substance 500 micrometers or less was made to adhere 0.1 to 10% of the weight 
using an organic binder etc. is indicated by JP,2-213047,A. 

[0012] However, since organic binders, such as polyvinyl alcohol, were used for the battery separator of 
JP,2-213047,A, the organic binder was eluted in the electrolytic solution, it was made hard to happen charge 
and discharge, and the organic binder adhered to the titanium oxide front face further, and it had the problem 
of reducing the hydrophilic property of a battery separator. 

[0013] Moreover, the battery separator which made the inorganic oxide sol containing the colloid inorganic 
oxide particle which has self-bonding nature adhere to a polyolefine nonwoven fabric is indicated by JP,8- 
64193,A. This gives compatibility with a nonwoven fabric, carries out hot air drying of it, and makes it gel 
by making a sol permeate the opening section of a nonwoven fabric compulsorily in a rubber covered roll or 
reduced pressure processing, or adding a surfactant to a sol. The precise film by the colloidal particle was 
only formed in the front face of this battery separator, and the electrolytic-solution holdout of a battery 
separator was not enough. Moreover, although use of a surfactant is proposed as a means to which a 
colloidal particle is fixed on the surface of a battery separator, since the bad influence to the cell engine 
performance poses a problem as mentioned above, this use is not desirable. 

[0014] Furthermore, the titanium oxide which is a photocatalyst is made to adhere on the surface of a 
polyolefin fiber, ultraviolet rays are irradiated, and the approach of carrying out hydrophilization of the front 
face is indicated by JP,9-59403,A. However, as electrolytic-solution holdout, it is comparable as sulfonation 
by the above-mentioned chemical treatment, and it was not necessarily able to be said that it was enough. 
[0015] On the other hand, in the case of the charge and discharge of a cell, it is known that an electrode plate 
will carry out expansion contraction. Since it exists between electrode plates, a battery separator will be 
compressed if an electrode plate expands, and when it contracts on the contrary, it is pulled apart. That is, a 
battery separator receives external force by the charge and discharge of a cell, and the electrolytic solution 
held to whenever [ the ] is gradually sucked up by the positive-electrode plate. When charge and discharge 
are repeated and it becomes impossible for a battery separator to hold sufficient electrolytic solution, as for a 
cell, charge and discharge become impossible, and it serves as a life. Since an exhaustion of this electrolytic 
solution generates easily the battery separator with low electrolytic-solution holdout, the life of the cell 
which used this is short. 

[0016] In recent years, the demand of the reinforcement of a cell and large-capacity-izing is still higher, and 
it is anxious for the battery separator with it. [ high and electrolytic-solution holdout and ] [ thinner ] 
However, neither with the reforming technique on the front face of fiber of the conventional technique, nor 
the adhesion technique of an inorganic oxide, these demands were able to be met enough. 
[0017] As mentioned above, although the battery separator was explained to the example, also in the 
application of a filter or others, baking of an inorganic oxide particle was required and there was the same 
problem as a battery separator — the depression by the binder occurs. 
[0018] 

[Problem(s) to be Solved by the Invention] This invention is made paying attention to the problem which 
exists in such a conventional technique. By making the porous layer which consists of a particle form in a 
fiber front face, the place made into the purpose has specific surface area and large voidage, and is to offer 
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the nonwoven fabric which may fully discover the function which a particle originally has further, and its 
manufacture approach. Furthermore, it is in providing a battery separator with very high electrolytic- 
solution holdout and the high permeability of the gas which occurs with an electrode at the time of 
overcharge, and a list with the long lasting alkali rechargeable battery the high charge-and-discharge 
property (cell capacitance characteristics at the time of carrying out charge and discharge by the high 
current) and whose elevated-temperature charge-and-discharge property improved. 
[0019] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the nonwoven fabric of 
invention according to claim 1 is equipped with the porous layer formed of the set of a particle. 
[0020] In invention according to claim 1, the specific surface area of the nonwoven fabric of invention 
according to claim 2 is 0.5-50m2/g. 

[0021] As for the nonwoven fabric of invention according to claim 3, a porous layer consists of a particle of 
an inorganic oxide in invention according to claim 1 or 2. 

[0022] In invention according to claim 3, the particle of an inorganic oxide of the nonwoven fabric of 
invention according to claim 4 is titanium oxide, a zirconium dioxide, or a particle of these mixing. 
[0023] In invention given in any 1 term of claims 1-4, the path of a particle is l-100nm, and the thickness of 
a porous layer of the nonwoven fabric of invention according to claim 5 is 1/4 or less [ of lOnm or more and 
the diameter of fiber ]. 

[0024] In invention given in any 1 term of claims 1-5, the rate of weight of a porous layer of the nonwoven 
fabric of invention according to claim 6 is 1 - 50 % of the weight. 

[0025] In invention given in any 1 term of claims 1-6, the pitch diameter of fiber of the nonwoven fabric of 
invention according to claim 7 is 1-30 micrometers. 

[0026] In invention given in any 1 term of claims 1 -7, the fiber of the nonwoven fabric of invention 
according to claim 8 is a polyamide fiber or a polyolefin fiber. 

[0027] As for the nonwoven fabric of invention according to claim 9, in invention of a publication, the front 
face of the fiber has a hydrophilic group in any 1 term of claims 1-8. 

[0028] The alkali rechargeable battery of invention according to claim 10 uses the nonwoven fabric of a 
publication for any 1 term of claims 1-9 as a battery separator. 

[0029] The manufacture approach of the nonwoven fabric invention according to claim 1 1 makes a porous 
layer form in a fiber front face by manufacturing the dispersion liquid which make a solute the particle of 
the inorganic oxide of the diameter of l-100nm, and secondary floe of said particle those 70% or more of 
whose is a diameter of 10-800nm, and use the compatible liquid of water, an organic solvent, or a water and 
an organic solvent as a solvent, making these dispersion liquid adhere, and making it dry. 
[0030] In invention according to claim 1 1, a solute is pulverized by the mechanical shock in a solvent, 70% 
or more of the solute is a diameter of 10-500nm, and 60 more% or more of the manufacture approach of the 
nonwoven fabric invention according to claim 12 is a diameter of 10-200nm. 

[0031] In invention according to claim 1 1 or 12, the solvent of the manufacture approach of the nonwoven 
fabric invention according to claim 13 is the compatible liquid of an alcoholic system organic solvent or an 
alcoholic system organic solvent, and water. 

[0032] In invention given in any 1 term of claims 11-13, the manufacture approach of the textiles invention 
according to claim 14 makes a solute contain an anatase mold titanium oxide particle, and irradiates the 
ultraviolet rays whose wavelength is 400nm or less. 
[0033] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained. In addition, 
when calling it a "nonwoven fabric" in this invention, not only the nonwoven fabric of only fiber but the 
thing by which the porous layer of a particle was formed in the front face is included. 

[0034] This invention is characterized by equipping the front face of the fiber which constitutes a nonwoven 
fabric with the porous layer which consists of a particle. That is, when particles, such as an inorganic oxide, 
exist in superposition on a fiber front face, a porous layer will equip the interior with many openings, and 
the specific surface area becomes high. Moreover, particles are combined and whenever [ impact / of a 
porous layer /-proof], and endurance are high. Therefore, in this invention, the binder for fixing a particle to 
a nonwoven fabric does not spoil the function which a particle can originally demonstrate rather than is 
indispensable. 

[0035] The nonwoven fabric of this invention can demonstrate the effectiveness higher than the 
conventional product as the filter which demonstrates a bactericidal effect, and a battery separator excellent 
in the electrolytic-solution maintenance engine performance by having a porous layer. 
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[0036] Hereafter, the case where the nonwoven fabric of this invention is used as a battery separator is 
explained as the theme. Although the nonwoven fabric of this invention is common in the point of making 
the electrolytic solution and the matter with high compatibility (the hydrophilic matter being called 
hereafter) adhering to invention of JP,8-64193,A, and the front face of fiber, they differ in that a porous 
layer is made to form. 

[0037] Moreover, in a view, it differs from JP,2-213047,A fundamentally. Invention of JP,2-213047,A will 
make titanium oxide with specific particle diameter, specific surface area, and a crystalline form hold to a 
battery separator using an organic binder etc., and will raise the electrolytic-solution holdout and the cell 
engine performance. That is, an organic binder is used for the front face of fiber, or the hole between fiber, 
and a titanium oxide particle is chemically combined with it. 

[0038] On the other hand, the nonwoven fabrics of this invention differ in that a porous layer is made to 
form on the surface of fiber using the particle of the titanium oxide which is the hydrophilic matter, or a 
zirconium dioxide. It is thought that it has been established on the surface of fiber according to that cohesive 
force (force committed between particles) since this porous layer exists in the wrap in most front faces of 
fiber. That is, since the nonwoven fabric of this invention does not need an organic binder or a surfactant for 
an essential target, it does not check the charge and discharge of a cell and does not reduce the cell engine 
performance. Moreover, since a porous layer has an opening in the interior and can incorporate the 
electrolytic solution there, it can raise the electrolytic-solution holdout of a battery separator, and gas 
permeability. 

[0039] Invention of JP,8-64193,A makes the inorganic oxide sol containing the colloid inorganic oxide 
particle which has self-bonding nature adhere on the surface of fiber, and carries out deposit fixing of an 
inorganic oxide particle or the hydrate particle on fiber by carrying out hot air drying. This invention fixes a 
particle to a fiber front face very precisely, makes a coat like plating form, and gives a hydrophilic property 
to a battery separator. 

[0040] On the other hand, the nonwoven fabric of this invention differs from invention of JP, 8-641 93,A in 
that a porous layer is made to form on the surface of fiber as mentioned above. If the hydrophilic matter 
does not form a porous layer even if it makes the hydrophilic matter adhere on the surface of [ whole ] fiber, 
the electrolytic-solution holdout of a battery separator is not enough. That is, invention of JP,8-64193,A had 
inadequate electrolytic-solution holdout. 

[0041] As for the nonwoven fabric of this invention, it is desirable that the specific surface area is 0.5- 
50m2/g, and it is still more suitable for it that it is 0.5-20m2/g. When this specific surface area is smaller 
than 0.5m2/g, formation of a porous layer becomes difficult and the function of a particle is no longer 
discovered fully. Since the thickness of a porous layer changes too much thickly on the contrary when this 
specific surface area is larger than 50m2/g, the clearance between fiber becomes small and the low particle 
aggregate of the fixing force becomes easy to exist in this clearance. If smaller than 0.5m2/g when using the 
nonwoven fabric of this invention for a battery separator, the touch area of the electrolytic solution will be 
too small, and the electrolytic-solution holdout of a battery separator will become low. Furthermore, the 
point that the electrolytic solution becomes is easy to be absorbed in this case in an electrode plate, and the 
life of a cell becomes short is also a problem. If larger than 50m2/g, since the gas permeability of the oxygen 
gas which occurs with a positive electrode at the time of overcharge of a cell will worsen, the reduction 
reaction in a negative electrode stops being able to happen easily, and the charge/discharge capability ability 
of a cell becomes low. In addition, the much more desirable range is l-10m2/g. 

[0042] The particle which forms the porous layer of this invention is determined by the function and service 
condition which are made into the purpose, and does not have especially the class or configuration limited. 
However, acquisition ease, the ease which forms a porous layer to an inorganic oxide is desirable. 
Moreover, since a hydrophilic property and alkali resistance are required when using the nonwoven fabric of 
this invention for a battery separator, the particle of an inorganic oxide, a hydrophilic polymer, or ion 
exchange resin is suitable. Since especially the particle of titanium oxide and a zirconium dioxide is 
excellent in a hydrophilic property and alkali resistance and easy to come to hand, it is [ among these ] 
desirable. Furthermore, titanium oxide and a zirconium dioxide have very good concordance with the alkali 
electrolytic solutions, such as a caustic potash water solution, and it is suitable for them. These particles may 
be used by respectively independent or mixing. 

[0043] Although especially the path of the particle used for the nonwoven fabric of this invention is not 
limited, it is l-100nm preferably, and its 5-50nm is more desirable. Moreover, when the path of the fiber 
which forms a porous layer is very small, it is desirable to choose what also has the small particle diameter 
to be used. When the path of this particle is smaller than lnm, in particle manufacture, cost becomes high 
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and is not practical Since a porous layer becomes precise too much, it becomes impossible moreover, for 
the function of a particle to be fully discovered on the contrary. Cohesive force is still too stronger in 
dispersion liquid, and since the stability of dispersion liquid falls, a homogeneous porous layer is hard to be 
obtained. On the contrary, when the path of a particle is larger than lOOnm, that a particle tends to exfoliate 
from the front face of fiber, it becomes, or the homogeneity of a porous layer falls, and it is not desirable. 
When using the nonwoven fabric of this invention for a battery separator, since the electrolytic-solution 
holdout of a porous layer will become low if it separates from the range of above-mentioned [ particle 
diameter ], it is not desirable. 

[0044] lOnm or more, the range where the thickness of a porous layer is desirable is 20nm or more more 
preferably, and is 1/6 or less more preferably 1/4 or less as compared with the path of fiber. The thickness of 
a porous layer can be measured by the following approaches. By compressing a nonwoven fabric, it is the 
approach of making a porous layer exfoliating in part compulsorily, and observing the exfoliation part with 
a scanning electron microscope. The condition that the porous layer exfoliated from fiber is shown in 
drawing 3 . When the thickness of a porous layer is smaller than lOnm, the amount of openings inside a 
porous layer decreases, and it becomes impossible to demonstrate the effectiveness as a porous layer. 
Moreover, when this thickness is thicker than one fourth of the diameters of fiber and external force, such as 
crookedness, joins fiber, omission of a particle or exfoliation of a porous layer becomes easy to take place. It 
becomes [ the amount of the electrolytic solution which can be incorporated to the interior as the thickness 
of a porous layer is lOnm or less decreases, and / electrolytic-solution holdout ] inadequate and is not 
desirable when using the nonwoven fabric of this invention for a battery separator. 

[0045] As for the particle which forms a porous layer, it is desirable that the width of face of particle size 
distribution is small, i.e., particle diameter is uniform. When particle diameter is an ununiformity, a particle 
does not adhere to homogeneity on the surface of fiber, but a porous layer is hard to be formed, and 
omission of a particle increase. Furthermore, as for a particle, it is desirable to adhere to a fiber front face at 
homogeneity. It is because the cohesive force becomes strong and it is hard coming to exfoliate from a fiber 
front face. 

[0046] Moreover, when the nonwoven fabric of this invention was made into a battery separator, it was 
checked that the magnitude of the opening of a porous layer has important semantics. Here, the opening of a 
porous layer means the clearance between particles, namely, the opening between the active materials with 
which the magnitude of the opening of a porous layer constitutes an electrode — comparing — an EQC — or 
if small, in an electrode, the electrolytic solution will become is hard to be absorbed. 
[0047] Although especially the rate of weight of the porous layer formed in the fiber front face of the 
nonwoven fabric of this invention is not limited, it is desirable that it is 1 - 50 % of the weight to the total 
weight of the nonwoven fabric of this invention. When this rate of weight is smaller than 1 % of the weight, 
the rate that a porous layer shuts becomes small, on the contrary, when larger than 50 % of the weight, it 
exists in the clearance between fiber mostly, and permeability falls. When using the nonwoven fabric of this 
invention for a battery separator, 4 - 50 % of the weight is desirable, and is 4 - 30 % of the weight more 
preferably. If the rate of weight becomes inadequate [ electrolytic-solution holdout ] for it to be 4 or less % 
of the weight and it increases more than 50 % of the weight, gas permeability will worsen. Moreover, 
cushioning properties run short, the adhesion force of a battery separator and an electrode plate becomes 
small, and a clearance becomes easy to be made between them. And absorption of the electrolytic solution 
with an electrode plate becomes easy to take place, and the life of a cell becomes short. 
[0048] The class of fiber of the nonwoven fabric of this invention should not be determined by the 
application, and is not limited especially. In using the nonwoven fabric of this invention for a battery 
separator, in order to use the alkaline electrolytic solution, the fiber of the polyamide or polyolefine system 
which is excellent in alkali resistance is desirable. There are especially few bad influences to cell nature, and 
the polypropylene or polyethylene which is excellent in oxidation resistance is suitable. 
[0049] Although the path of the fiber of the nonwoven fabric of this invention should not be determined by 
the application, either and limited especially, in the nonwoven fabric used for a filter, a battery separator, 
etc., it is desirable that it is 0.5-30 micrometers. [ as well as an above-mentioned class ] If too not much 
thick, exfoliation of a porous layer increases and it is not desirable. When using the nonwoven fabric of this 
invention for a battery separator, it is desirable that the value is 1-20 micrometers. It is 3-15 micrometers 
more desirably. When the path of fiber is thinner than 1 micrometer, the hole of a battery separator becomes 
small too much, and gas permeability worsens. On the contrary, when thicker than 20 micrometers, the 
specific surface area of a battery separator becomes small, and becomes inadequate [ the electrolytic- 
solution holdout of a battery separator ]. gas permeability - Flagyl - 3-100ml/(cm2ands) is desirable at the 
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value measured according to law (JIS L 1096), and 5-60ml/(cm2ands) is more desirable. . 
[0050] When you need a hydrophilic function, the nonwoven fabric equipped with the porous layer formed 
by the particle of a hydrophilic property is suitable. However, when a fiber front face is hydrophobicity like 
a polyolefin fiber and a hydrophilic property needs to be raised further, it is desirable to carry out 
hydrophilization processing of the front face of fiber. Even if a porous layer exfoliates from a fiber front 
face by carrying out hydrophilization processing of the fiber front face before making a porous layer form, 
the front face of the fiber by which hydrophilization was carried out will appear, and the fall of a hydrophilic 
property can be pressed down to the minimum. Well-known approaches, such as corona discharge and 
sulfonation processing, can be used for this hydrophilization processing. Especially when using the 
nonwoven fabric of this invention for a battery separator, electrolytic-solution holdout improves, and even 
after a porous layer exfoliates, electrolytic-solution holdout can be maintained highly. Furthermore, when 
hydrophilization processing of the fiber front face is carried out, it is checked that omission of the porous 
layer by external force stop being able to happen easily. 

[0051] Although especially the manufacture approach of the nonwoven fabric of this invention is not 
limited, its following approaches are desirable. First, the secondary floe of the inorganic oxide particle of the 
diameter of l-100nm is mixed in water, organic solvents, or these compatible liquid, and the rough 
dispersion liquid of secondary floe are manufactured. Here, although coarse grinding of the secondary floe 
may be carried out before being mixed in a solvent, and coarse grinding may be carried out with a stirrer 
after mixing, the direction by which coarse grinding is carried out in a solvent has particle diameter more 
desirable [ the floe ] from being easy to become homogeneity. Then, using wet grinding mills, such as a 
micro bead mill, by adding a mechanical shock in a solvent, it pulverizes so that the 70% or more may be set 
to 10-800nm. Moreover, it is suitable that the 70% or more is 10-500nm, and it is desirable for 60 more% or 
more to be 10-200nm. After pulverizing, when there is much secondary floe with large particle diameter, the 
stability of dispersion liquid is bad, formation of a porous layer becomes difficult, and omission of the 
particle from a porous layer increase. 

[0052] As for the solvent of dispersion liquid, it is desirable that it is the compatible liquid of water, an 
organic solvent, or a water and an organic solvent. Although it is not limited since the rate of water and the 
class of organic solvent in this compatible liquid change with the inorganic oxide particle to be used or 
quality of the materials of fiber to be used, it is required for there to be fiber, and the both sides and 
compatibility of a particle. Moreover, it is desirable that it is the solvent which is easy to evaporate in the 
ambient atmosphere of the process in which these solvents fix an oxide particle to a fiber front face, dry 
them, and a porous layer is made to form. Specifically, it is suitable that it is the compatible liquid of an 
alcoholic system organic solvent or an alcoholic system organic solvent, and water. 
[0053] Moreover, when the front face of fiber is hydrophobicity, it is desirable that it is the compatible 
liquid of an alcoholic system organic solvent or an alcoholic system organic solvent, and water, and the rate 
of the water of compatible liquid has 0-80 desirable % of the weight. Ethanol, 2-propanol, etc. are suitable 
for alcohol. If the rate of water becomes not much high, in order for the compatibility in a fiber front face to 
worsen and to fix a particle to a fiber front face, a surfactant or an organic binder is not needed and 
desirable, the case where it receives and is a hydrophilic property like a glass fiber or a polyamide fiber — 
water — although it is good, it is more desirable that it is the same solvent as the time of hydrophobicity 
[ ease / productivity, such as a desiccation process, or / of formation of a porous layer ]. 
[0054] Next, these dispersion liquid are applied on the surface of fiber. Although especially the method of 
application is not limited and a blasting method or a dipping method can be used for it, points, such as the 
homogeneity of a porous layer and an environment of a spreading process, to its dipping method is more 
desirable. Especially the particle concentration of these dispersion liquid is not limited, but is adjusted 
according to the need thickness of a porous layer, the diameter of fiber of a nonwoven fabric, etc. Although 
the above-mentioned approach may be used for thickness adjustment of a porous layer, it may be adjusted 
by the count of spreading of dispersion liquid. The concentration generally used is 1 - 200 g/L. Since the 
porous layer formed on the surface of fiber by one spreading becomes thin too much when this 
concentration is lower than 1 g/L, spreading must be repeated repeatedly. Although it is based also on the 
diameter of fiber of a nonwoven fabric on the contrary when higher than 200 g/L, the partial shade of a 
porous layer becomes remarkable and a porous layer becomes that it is hard to be formed in homogeneity. 
Moreover, in this case, since a particle packs the clearance between fiber, it is not so desirable. When using 
it for a battery separator, 1-100 g/L, and further 1 - 60 g/L extent are desirable. 

[0055] Furthermore, the nonwoven fabric to which dispersion liquid were made to adhere is dried, a solvent 
is removed, a particle is gathered on the surface of fiber, and a porous layer is made to form. Fiber may be 
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organic fiber, or may be an inorganic fiber, and is not limited especially. A porous layer is formed by 
applying dispersion liquid to base materials, for example, the sheet, or plates other than a nonwoven fabric 
etc., and exfoliation and omission of a particle occur also in slight external force. 
[0056] The porous layer formed as mentioned above is well fixed to a fiber front face, and even if it 
performs ultrasonic cleaning, it hardly exfoliates. Thus, it is considered to be because for change on the front 
face of a particle in the mechanochemical effectiveness at the time of pulverizing in a solvent, secondary 
condensation of the inorganic oxide particle in a desiccation forming process, etc. to have compounded the 
inorganic oxide particle in dispersion liquid, and the electrostatic effectiveness in the both sides on the front 
face of fiber and an inorganic oxide particle that it can be established on the surface of fiber, without a 
particle using a binder. 

[0057] Moreover, the hydrophilization of the fiber front face of a nonwoven fabric can be carried out to the 
nonwoven fabric of this invention manufactured using the inorganic oxide particle containing anatase mold 
titanium oxide by irradiating ultraviolet rays with a wavelength of 400nm or less. This is because titanium 
oxide discovers a photocatalyst operation and reforms a fiber front face. Moreover, when the organic 
substance exists in the opening section inside a porous layer front face or a porous layer, decomposition 
removal of these can be carried out by UV irradiation. Therefore, when this nonwoven fabric is used for a 
battery separator, not only the improvement in electrolytic-solution holdout but the engine-performance 
recovery by disassembly of the adhesion organic substance can be expected. 

[0058] Electrolytic-solution holdout of the alkali rechargeable battery which uses the nonwoven fabric of 
this invention as a battery separator can improve sharply, and it can prevent an exhaustion of the electrolytic 
solution in a separator. Moreover, the rise of internal resistance can be pressed down, the cycle life by 
charge and discharge is long, and a high charge-and-discharge property (cell capacitance characteristics at 
the time of carrying out charge and discharge by the high current) and an elevated-temperature charge-and- 
discharge property are good. 

[0059] Especially the rechargeable battery using a separator equipped with the porous layer which consists 
of a particle of titanium oxide or a zirconium dioxide has a very good high charge-and-discharge property. 
Although the reason is not clear, it thinks as follows. Since titanium oxide or a zirconium dioxide is an 
inorganic oxide, it is because oxidative degradation is not carried out in the situation which requires a heavy 
load which passes a high current and a hydrophilic property can be maintained. Moreover, in the alkali 
electrolytic solution, a front face (interface with the electrolytic solution) is charged in minus, and the value 
of these oxides is also large. For this reason, it is thought that it is because whenever [ ionic dissociation / of 
the alkali electrolytic solution ] becomes large and ionic conductivity becomes large as a result. 
[0060] The rechargeable battery using a separator equipped with the porous layer which consists of titanium 
oxide or a zirconium dioxide can discover the property effectively in a power tool, an electric vehicle, etc., 
when using it at the application and elevated temperature which need a high current. 
[0061] 

[Example] Hereafter, an example and the example of a comparison explain this invention still more 
concretely. First, in order to evaluate the property, a definition and measuring method of the evaluation 
criteria are shown below. 

[0062] (Diameter of average fiber) It is the value which took a photograph of fiber by 1,000 times using the 
scanning electron microscope, measured 1 00 diameters of fiber of the arbitration in the photograph, and 
carried out the arithmetic average. In addition, a unit is mum. 

[0063] (Eyes) It is the weight of the nonwoven fabric per two lm, and a unit is g/m2. In addition, the 
nonwoven fabric was sampled two times 0.1m to arbitration, and it converted into 2 lm by doubling 
measured value ten. 

[0064] (Thickness) Five places of the arbitration of a nonwoven fabric are measured by the micrometer, and 
the arithmetic average of the value is carried out. In addition, a unit is mum. 

[0065] (Filling factor) It is the percentage of the value which broke apparent-density rho computed from the 
eyes and thickness of a nonwoven fabric by the consistency rho 0 of fiber. That is, it is filling factor = 
rho/rho 0x100. It is shown that the rate that fiber occupies becomes high and the hole of the nonwoven 
fabric of this invention decreases, so that this value is high. 

[0066] (Deposit efficiency) It is the percentage of the value which broke the weight w of the titanium oxide 
adhering to a nonwoven fabric, or a zirconium dioxide (an oxide is called hereafter) by weight of a 
nonwoven fabric. That is, it is deposit efficiency =(oxide weight w)/(battery separator weight) xlOO. In 
addition, the nonwoven fabric of this invention was sampled 0.1 m2 to arbitration, and was measured to it. 
[0067] (Thickness of a porous layer) The nonwoven fabric of this invention was compressed by the pressure 
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of 100kg/cm2, and the porous layer was made to exfoliate partially from fiber. The cross section of the 
porous layer which exfoliated was seen using the scanning electron microscope, and the thickness was 
measured. In addition, a unit is mum. 

[0068] (Rate of omission) The nonwoven fabric of this invention was sampled to arbitration, weight al was 
measured, this was dipped in the beaker containing ordinary temperature water, and it put into the 
ultrasonic-cleaning tub (SUmade from Shibata science- 2 T) for 10 minutes. Then, this nonwoven fabric was 
taken out, it was made to dry and weight a2 was measured. The weight difference at this time, i.e., (al-a2), 
the percentage of the value broken by the oxide weight w, is a rate of omission. That is, it is rate of omission 
= (al-a2) / wxlOO. The porous layer is firmly established on the surface of fiber, and it is shown that 
endurance is high, so that this value is low. 

[0069] (Specific surface area) It measured using the BET specific surface area measuring device (product 
made from can TASOBU QS-17 QUANTASORB) based on the low temperature gas adsorption process 
based on the B.E.T theory. In addition, krypton gas was used for adsorption gas. A unit is m2/g. 
[0070] (Porosity decreasing rate) The Flagyl mold tester is used and it is JIS. L It is the percentage of the 
value which measured the porosity bl of a nonwoven fabric, and the porosity b2 of a nonwoven fabric, and 
divided the difference (b2-bl) by b2 according to 1096. That is, it is permeability decreasing rate =(b2- 
bl)/b2xl00. It is shown that there is little blinding by formation of a porous layer, and the gas permeability 
of a nonwoven fabric is high, so that this value is small. 

[0071] (Natural electrolyte holding rate) It was immersed in the potassium-hydroxide KOH water solution 
for 3 minutes 30% of the weight, and the 100x1 00mm nonwoven fabric (weight cl) was pulled up after that, 
and at the room temperature, it hung for 10 minutes, and was left, and the weight c2 of a nonwoven fabric 
was measured. The percentage of the value which divided the amount of residuals of the KOH water 
solution at this time by cl is a natural electrolyte holding rate. That is, it is nature electrolyte holding rate = 
(c2-cl)/clxl00. It is shown that the electrolytic-solution holdout of a battery separator is so high that this 
value is high. 

[0072] (Sucking up electrolyte holding rate) The 70x70mm nonwoven fabric (weight dl) was immersed in 
the KOH water solution for 3 minutes 30% of the weight, this nonwoven fabric was placed on 5 A filter 
paper of a two-sheet pile, and 5 A filter paper of a two-sheet pile was placed from on that. Furthermore, the 
lkg load plate was placed on this, it was left for 1 minute, and the weight d2 of a nonwoven fabric was 
measured. The percentage of the value broken by the KOH water-solution weight, dl [ i.e., (d2-dl), ], which 
remains to a nonwoven fabric sucks up, and it is an electrolyte holding rate. That is, it sucks up and is 
electrolyte holding rate =(d2-dl)/dlxl00. It is shown that the electrolytic-solution holdout of a battery 
separator is so high that this value is high, and the electrolytic solution cannot be easily sucked up by 
expansion contraction of an electrode plate, either. 

[0073] The polyethylene terephthalate fiber whose diameter of [example 1] fiber is 8 micrometers, and the 
sheath considered low-melt point point conversion polyethylene terephthalate and the sheath-core 
bicomponent fiber of the diameter of 1 5 micrometer with which a core part consists of polyethylene 
terephthalate as 50% : 50% of combination, and manufactured the thin nonwoven fabric by the paper- 
making method after this. Adhesion shaping of the two sheets of this thin nonwoven fabric was carried out 
in through and the thickness of 140 micrometers in piles at the calendering roll with a skin temperature of 
115 degrees C, and the nonwoven fabric was obtained. This nonwoven fabric was eyes 60 g/m2 and 
specific-surface-area 0.27m2/g. 

[0074] titanium oxide (the product made from Degussa — 25 and the mean particle diameter of 21nm ~ 
however, the 2nd order is condensed) was mixed into 2-propanol, it agitated for 10 minutes by 6,000 - 
9,000r.p.m using the homogenizer (product made from Omni), and the dispersion liquid A of titanium oxide 
concentration 180 g/L were manufactured. And the mean particle diameter in these dispersion liquid A was 
measured with the centrifugation type particle-size-distribution measuring device (Shimadzu SA-CP3). 
Consequently, the mean particle diameter in dispersion liquid A was about 800nm, and 800nm or less was 
[ 500nm or less of the particle size distribution ] 30 - 40% 50 to 60%. 

[0075] The above-mentioned dispersion liquid A were made to pulverize further using a micro bead mill 
(product made from WAB). The conditions of pulverizing used the bead of a zirconium dioxide with a 
diameter of 1mm, and pulverized by making it rotate for 10 minutes with the peripheral velocity of 5- 
lOm/second. The mean particle diameter at this time was about 120nm, and, for l,000nm or less, 500nm or 
less was [ 200nm or less of those particle size distribution ] 70 - 80% 80 to 90% 90 to 95%. 2-propanol was 
further added to these dispersion liquid, and the dispersion liquid B of titanium oxide concentration 20 g/L 
were obtained. These dispersion liquid B were put into the dipping tub, dipping of the above-mentioned 
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nonwoven fabric was carried out within 30 minutes after that, and titanium oxide was made to adhere on the 
surface of fiber. And the nonwoven fabric to which titanium oxide was fixed on the surface of fiber was 
manufactured by making it dry in ordinary temperature. 

[0076] When the fiber front face of this nonwoven fabric was observed by 1,000 to 50,000 times using the 
scanning electron microscope, a porous layer which covers all the front faces of fiber was similarly formed 
about two kinds of fiber from which the diameter of fiber differs. The deposit efficiency of the titanium 
oxide particle of this nonwoven fabric was 6%, and specific-surface-area 1.3m2/g and the rate of omission 
were 2.3%. 

[0077] The example which made the nonwoven fabric of this invention the battery separator is shown in 
examples 2-1 1 and the examples 2-5 of a comparison. 

[0078] [Example 2] The nonwoven fabric used as the frame of a battery separator is manufactured first. 
Polypropylene fabricated the thin nonwoven fabric by the core part polymer by the paper-making method 
using the sheath-core bicomponent fiber of the diameter of 12 micrometer whose polyethylene is a sheath 
polymer. Adhesion shaping of the two sheets of this thin nonwoven fabric was carried out in through and the 
thickness of 150 micrometers in piles at the calendering roll with a skin temperature of 120 degrees C, and 
the nonwoven fabric was obtained. Next, dispersion liquid A and dispersion liquid B were produced like the 
example 1, titanium oxide was fixed on the surface of fiber by the same approach as an example 1, and the 
battery separator was manufactured. 

[0079] As a result of observing the battery separator manufactured by the above approach using a scanning 
electron microscope like an example 1 , the porous layer was formed so that all the front faces of fiber might 
be covered. In addition, the simplified schematic of the scanning electron microscope photograph of this 
battery separator is shown in drawing 1 . 

[0080] This battery separator was eyes 55 g/m2, 40% [ of filling factors ], deposit efficiency [ of 5 % of the 
weight ], thickness [ of a porous layer / of 0.1 micrometers ], and specific-surface-area 1.8m2/g. Moreover, 
0.9% of rates of omission, 7% of permeability decreasing rates, and 167% of natural electrolyte holding 
rates, the property of a battery separator was sucked up and was 16% of electrolyte holding rates. 
[008 1 ] [Example 3] - [an example 7] 

In the example 2, only the count of dipping was changed and the battery separator was manufactured. 
Therefore, in proportion to the count of dipping, as for the battery separator of each example, deposit 
efficiency becomes high. The battery separator of each example is shown in the following table 1. 
[0082] [An example 8] and [an example 9] 

The battery separator obtained in the example 4 and the example 6 was put on the location of 40mm from 
the ultraviolet ray lamp (NEC black light 20 mold), and ultraviolet rays were irradiated for 40 minutes. The 
battery separator of an example 8 and an example 9 is shown in the following table 1 . 
[0083] After irradiating ultraviolet rays by the same approach as an example 8 and carrying out 
hydrophilization of the front face of fiber to the battery separator of the [example 10] example 2, dipping 
was further carried out by dispersion liquid B, and the battery separator of 22 % of the weight of deposit 
efficiency was obtained. This battery separator is shown in the following table 1 . 
[0084] The simple closed mold cell for evaluation was manufactured using the battery separator of the 
[example 11] example 10. The simplified schematic of the cross section of this cell is shown in drawing 6 . 
The manufacture approach of a cell is as follows. First, little addition of the thickener was carried out and it 
considered as the shape of a paste at the nickel hydroxide powder which coated oxy-cobalt hydroxide as 
electric conduction material. After making foaming nickel fill up with and dry this paste, press forming was 
carried out by 5,000kg/cm2, and it considered as the positive electrode 32. Moreover, little addition of the 
thickener was carried out and it was made the misch metal alloy which added nickel powder as an electric 
conduction adjuvant at the shape of a paste. The rest manufactured the negative electrode 34 like the case of 
a positive electrode. This positive electrode and a negative electrode were cut in 3cmx4cm size, and it 
considered as the electrode for a trial. 

[0085] Next, one battery separator 33 was put among these positive/negative two electrodes 32 and 34. After 
adding lg of 30% of the weight of caustic potash water solutions to a battery separator as the electrolytic 
solution, these two electrodes were put between the front face with the SUS containers 38 and 39 which 
performed nickel plating. In the negative electrode, the lower SUS container 39 and the positive electrode 
took electric conduction with the up SUS container 38 and the nickel plate 31, and it insulated by the Teflon 
packing 35 between the vertical SUS containers 38 and 39. The bolt 40 fastened this to the constant 
pressure, and it considered as the simple closed mold cell. This cell is approximated with the operating 
condition of the separator of an actual alkali rechargeable battery. Moreover, negative-electrode capacity 
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was made into twice [ about ] to positive-electrode capacity. 

[0086] The charge-and-discharge test was performed using the constant current charging and discharging 
device about this cell. In any case, charge charged to 120% of cell capacity by charging rate 0.25C (current 
value which fills cell capacity in 4 hours). Discharge changed the discharge rate with 0.25C (current value 
which emits capacity in 4 hours), 0.5C (these 2 hours), and 1.0C (this 1 hour), and discharged. Discharge 
capacity was based on the value when considering as discharge termination by cell voltage 0.8V. Here, a 
charging rate or a discharge rate is the inverse number of time amount (h) required to perfect-charge or 
perfect discharge the capacity of a cell, and a unit is expressed with C. For example, it is 0.5C when 
discharging all the capacity that a cell has in 2 hours. $ — 10 cycle charge and discharge were first 
performed for the manufactured simple closed mold cell by 0.25C. Consequently, it checked that the 
utilization factor of a positive electrode was about 100%, and was the cell which can be evaluated. Then, the 
discharge rate was changed with 0.25C, 0.5C, and 1.0C, and it asked for the maintenance factor of the 
discharge capacity in high rate discharge. 0. The capacity maintenance factor of 0.5C and 1 .0C when 
making the capacity maintenance factor of 25C into 100% is shown in Table 2. 

[0087] Three nonwoven fabrics with a through and a thickness of 200 micrometers were obtained for the 
thin nonwoven fabric used in the [example 12] example 2 to the calendering roll with a skin temperature of 
120 degrees C in piles. Next, using the dispersion liquid B of an example 1, titanium oxide was fixed on the 
surface of fiber, and the nonwoven fabric equipped with a porous layer was manufactured. Eyes 70 g/m2, 6 
% of the weight of deposit efficiency, and the rate of omission of this nonwoven fabric were 1 .2%. After 
dropping 0.2ml (0.1 % of the weight) of water solutions of Rhodamine-6G at this nonwoven fabric and 
coloring it, ultraviolet rays were irradiated for 30 minutes. The reinforcement of these ultraviolet rays was 1 
mW/cm2 in 365nm wavelength. After [ of an exposure ] 30 minutes, when checked visually, the red of 
Rhodamine-6G disappeared. 

[0088] The polypropylene sheet with a [example 1 of comparison] thickness of 1mm and the glass plate 
were used as the base material, dipping of these was carried out to the dispersion liquid B of an example 1, 
the solvent was removed, and titanium oxide was fixed to the base material front face. When the front face 
of these base materials was observed using the scanning electron microscope like the example 1, the uneven 
porous layer was formed. The deposit efficiency of this titanium oxide particle was 0.08% in 0.13% and a 
glass plate with the polypropylene sheet, and the rates of omission were 51% and 47%, respectively. 
[0089] By the same approach as the [example 2 of comparison] example 2, eyes 64 g/m2 and a nonwoven 
fabric with a thickness of 150 micrometers were manufactured. The surfactant was made to adhere to this 
nonwoven fabric 0.7% of the weight, and the following sulfonation processings were performed. That is, the 
nonwoven fabric was made immersed for 10 minutes into the tub which kept the oleum of 15% of 
concentration at 40 degrees C, sequential immersion was carried out continuously at the dilute sulfuric acid 
with low concentration, and it rinsed at the end, and was made to dry at 40 degrees C. This battery separator 
is shown in the following table 1 . 

[0090] 2-propanol was added to [example 3 of comparison] dispersion liquid A, it diluted further, and the 
dispersion liquid C of titanium oxide concentration 20 g/L were manufactured. The nonwoven fabric was 
manufactured by the same approach as an example 1 , by dispersion liquid C, dipping is carried out, stoving 
was carried out, and titanium oxide was fixed on the surface of fiber. Furthermore, UV irradiation was 
performed to this nonwoven fabric for 40 minutes by the same approach as an example 8. This battery 
separator is shown in the following table 1. In addition, when this battery separator was observed using the 
scanning electron microscope, titanium oxide was unevenly distributed on the surface of fiber, and the 
porous layer was not formed. The simplified schematic of this scanning electron microscope photograph is 
shown in drawing 4 . 

[0091] In the [example 4 of comparison] example 2, dispersion liquid B were changed into dispersion liquid 
C, and the battery separator was manufactured. When this battery separator was observed with a scanning 
electron microscope, it came to form the porous layer. This battery separator is shown in the following table 
1. 

[0092] The battery separator of the example 2 of the [example 5 of comparison] comparison was used, and 
the same simple closed mold cell as an example 1 1 was manufactured. The trial same on this cell as an 
example 1 1 was performed, and the high charge-and-discharge property was evaluated. Capacity of the 
0.25C discharge which performed this evaluation result in the example 1 1 is made into 100%, and the 
capacity factor to it shows to Table 2. 

[0093] The [example [ of a comparison ] 6] synthetic-rubber system adhesives: 1521 (product made from a 
three em) was diluted with toluene, and the diluent was added to dispersion liquid B. Dipping of the same 
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thing as the nonwoven fabric manufactured in the example 12 was carried out to these dispersion liquid, the 
titanium oxide particle was pasted up on the fiber front face, and the nonwoven fabric was obtained. 0.6% of 
the weight of synthetic-rubber system adhesives had adhered to this nonwoven fabric. Although this 
nonwoven fabric was not different from the nonwoven fabric of an example 12 about eyes and deposit 
efficiency, the rate of omission of a titanium oxide particle was 0%. Like the example 12, after dropping the 
water solution of Rhodamine-6G and coloring, same UV irradiation was performed. After the UV irradiation 
for 30 minutes, when observed visually, although red became thin, it was extent which can be checked 
clearly. Furthermore, although UV irradiation was performed for 120 minutes, red did not disappear 
completely. 
[0094] 
[Table 1] 

= ================ Eyes Separator Restoration Adhesion Porosity Omission 

Permeability Nature It sucks up. Thickness Rate Rate Bed depth Rate Decreasing rate Electrolyte holding 

rate Electrolyte holding rate g/m2 mum % % mum % % % % Example 2 55 

150 40 5 0.1 0.9 7 167 16 example 3 58 151 42 7 0.3 1.5 13 171 27 example 4 61 155 43 13 0.7 3.6 22 175 
28 example 5 64 157 45 17 0.9 2.7 25 181 29 example 6 66 154 47 231.1 3.228 17031 examples 7 69 153 
50 26 1.6 2.9 32 169 41 examples 8 61 15543 13 0.8 3.3 22175 32 examples 9 66 154 47 23 1.2 3.1 28 181 

34 examples 10 65 152 47 22 1.2 1.5 27 175 32 Example 2 of a comparison 

64 150 47 Example 3 of 13212 comparisons 53 151 46 5 - 13 21 140 Example 4 of 12 comparisons 53 

150 39 5 - 14 21 0 0 ============================ [0095] 

[Table 2] 

= = ===== ======= a discharge rate An example 1 1 The example 5 of a comparison - 

0.25C 100% 97% 0.5 C 92% 79% 1.0 C 83% 68% 

===== =========== [0096] By comparing an example 1 with the example 1 of a 

comparison shows that a big difference is in the fixing force of a porous layer with the configuration of a 
base material. That is, since there are very few rates of omission of a titanium oxide particle when the base 
material consists of fiber, fibrous is considered to be the configuration which raises the fixing force of a 
porous layer. 

[0097] The same dispersion liquid B as the same nonwoven fabric are used for examples 2-7, and they 
change only deposit efficiency. Although a natural electrolyte holding rate seldom changes as deposit 
efficiency increases from this result, it turns out that it sucks up and an electrolyte holding rate increases. 
Therefore, it turns out that the electrolytic solution cannot be easily sucked up from Ho of a battery 
separator with high deposit efficiency by expansion contraction of the plate at the time of charge and 
discharge, either. 

[0098] The example 2 of a comparison is the conventional battery separator by which sulfonation processing 
was carried out, and the example 3 of a comparison is the battery separator of JP,9-59403,A. By comparing 
examples 2-10 with the examples 2 and 3 of a comparison shows that the battery separator of this invention 
is excellent in electrolytic-solution holdout. 

[0099] Moreover, the rate of omission of titanium oxide is about 3%, and it turns out that examples 2-10 are 
very few compared with the examples 3 and 4 of a comparison. Since it exists so that a titanium oxide 
particle may cover the whole fiber surface, and the particle condensed the 2nd order and was more firmly 
established on fiber, this is considered. 

[0100] When the grain size of titanium oxide becomes larger than the range of claim 1 1 by comparing an 
example 2 with the examples 3 and 4 of a comparison, it turns out that a porous layer becomes is hard to be 
formed in a fiber front face. 

[0101] By comparing an example 2 with the examples 3 and 4 of a comparison shows that a permeability 
decreasing rate becomes about 1/3 by [ with the same deposit efficiency ] forming a porous layer but. This is 
considered for the secondary floe of titanium oxide to take up the hole of a battery separator. 
[0102] By irradiating ultraviolet rays shows that a battery separator sucks up and an electrolyte holding rate 
becomes high by comparing examples 4 and 6 with examples 8 and 9. Hydrophilization of the front face of 
fiber is carried out, and since decomposition removal of the organic solvent which adhered to the titanium 
oxide particle front face further was carried out, this is considered. 

[0103] By comparing an example 9 with an example 10 shows that the rate of omission is reduced by 
carrying out direct hydrophilization of the front face of fiber. After a porous layer is formed, UV irradiation 
of the example 10 is carried out, but since the thickness of a porous layer is thin, it can carry out 
hydrophilization of the fiber front face. 
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[0104] Compared with the cell by which Ho of the cell which used the separator of an example 10 used the 
separator of the example 2 of a comparison which is elegance conventionally, by comparing an example 1 1 
with the example 5 of a comparison shows that the capacity maintenance factor is high, so that a discharge 
rate becomes high. Thus, extremely, the cell which used the separator which has a porous layer has a good 
high charge-and-discharge property, and fits especially the application that needs a high current. 
[0105] Although the nonwoven fabric manufactured in the example 12 by comparing an example 12 with 
the example 6 of a comparison has the somewhat high rate of omission of a particle compared with the 
nonwoven fabric of the example 6 of a comparison, on the other hand, it is understood that the 
decomposition capacity of the coloring matter by UV irradiation is very high. By this comparison, effect of 
[ at the time of using a binder for formation of a porous layer ] can be clarified. That is, it is possible that the 
difference of an example 12 and the example 6 of a comparison is a difference by existence of a binder as it 
is. Although the result which is not desirable is looked at by the nonwoven fabric of an example 12 about 
the rate of omission among these differences, the absolute value does not become a problem practically low. 
However, about the decomposition capacity of the coloring matter by UV irradiation, the nonwoven fabric 
of an example 12 is clearly excellent compared with the nonwoven fabric of the example 6 of a comparison. 
This is considered to be the effect under which the front face of a particle was covered with use of a binder. 
Therefore, the nonwoven fabric in which the porous layer was made to form without using a binder 
demonstrates the effectiveness excellent in sterilization, antibacterial, the deordorization effectiveness, etc., 
when a photocatalyst operation etc. can be demonstrated effectively, for example, is used as a filter. 
[0106] 

[Effect of the Invention] Since it has the porous layer formed of the set of a particle on the surface of fiber 
according to the nonwoven fabric of invention according to claim 1 , specific surface area of a porous layer 
can be enlarged extremely, and the function in which a particle has can be made to fully discover. When 
using it for a filter etc., a touch area with an ambient atmosphere can be enlarged, and ventilation resistance 
can be reduced. Moreover, when using it as a battery separator, since the electrolytic solution is held in the 
opening between particles, electrolytic-solution holdout can be raised. 

[0107] According to the nonwoven fabric of invention according to claim 2, since specific surface area is 
0.5-50m2/g, when using it for a filter in addition to an effect of the invention according to claim 1, the 
amount of adsorption of the organic substance can be raised. Moreover, when using it for a battery 
separator, electrolytic-solution holdout and gas permeability can be reconciled at a high dimension. 
[0108] According to the nonwoven fabric of invention according to claim 3, since a porous layer consists of 
a particle of an inorganic oxide in addition to an effect of the invention according to claim 1 or 2, a 
hydrophilic property can obtain the nonwoven fabric with which a porous layer is formed easily highly. 
[0109] According to the nonwoven fabric of invention according to claim 4, since a porous layer consists of 
titanium oxide, a zirconium dioxide, or a particle of these mixing in addition to an effect of the invention 
according to claim 3, it is strong in an alkaline ambient atmosphere, and a nonwoven fabric with high 
endurance can be obtained easily. When using this nonwoven fabric for a battery separator, high 
electrolytic-solution holdout is acquired from the electrolytic solution and compatibility being good. 
[0110] According to the nonwoven fabric of invention according to claim 5, in addition to an effect of the 
invention given in any 1 term of claims 1-4, since the path of a particle is l-100nm and the thickness of a 
porous layer is 1/4 or less [ of lOnm or more and the diameter of fiber ], there. are little omission and 
exfoliation of a particle, they are homogeneous, and can obtain a porous layer with high endurance. 
Moreover, sufficient opening can be made to form. 

[0111] According to the nonwoven fabric of invention according to claim 6, in addition to an effect of the 
invention given in any 1 term of claims 1-5, since the rate of weight of a porous layer is 1 - 50 % of the 
weight, the porous layer which flilly discovers the function which a particle originally has can be obtained. 
[01 12] According to the nonwoven fabric of invention according to claim 7, in addition to an effect of the 
invention given in any 1 term of claims 1-6, since the pitch diameter of fiber is 1-30 micrometers, a porous 
layer is formed uniformly and easily and can lessen exfoliation and omission of a particle. The battery 
separator using this nonwoven fabric has the good balance of electrolytic-solution holdout and gas 
permeability. 

[01 13] According to the nonwoven fabric of invention according to claim 8, in addition to an effect of the 
invention given in any 1 term of claims 1-7, since fiber is a polyamide fiber or a polyolefin fiber, textiles 
strong against an alkaline ambient atmosphere can be obtained. The battery separator using this nonwoven 
fabric shows high endurance to the electrolytic solution. 

[0114] According to the nonwoven fabric of invention according to claim 9, since the front face of fiber has 
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a hydrophilic group in any 1 term of claims 1-8 in addition to the effect of the invention of a publication, 
even if a porous layer exfoliates from a fiber front face, the front face of the fiber by which hydrophilization 
was carried out will appear, and the fall of a hydrophilic property can be pressed down to the minimum. 
Especially when it is used for a battery separator, electrolytic-solution holdout improves, and even after a 
porous layer exfoliates, electrolytic-solution holdout can be maintained highly. 

[01 1 5] According to the nonwoven fabric of invention according to claim 10, since the nonwoven fabric of a 
publication is used for any 1 term of claims 1 -9 as a battery separator, a life is long and a charge-and- 
discharge property can obtain a very good alkali rechargeable battery. 

[0116] According to the manufacture approach of the nonwoven fabric invention according to claim 1 1 , the 
particle of the inorganic oxide of the diameter of l-100nm, By manufacturing the dispersion liquid to which 
those 70% or more makes a solute secondary floe of said particle which is a diameter of 10-800nm, and uses 
the compatible liquid of water, an organic solvent, or a water and an organic solvent as a solvent, making 
these dispersion liquid adhere, and making it dry Since a porous layer is made to form in a fiber front face, 
an inorganic oxide particle adheres equally on the surface of fiber, and cannot drop out easily, and the 
nonwoven fabric which discovers the function effectively can be manufactured easily. 
[01 17] According to the manufacture approach of the nonwoven fabric invention according to claim 12, in 
addition to an effect of the invention according to claim 1 1 , a solute is pulverized by the mechanical shock 
in a solvent, since 70% or more is 10-500nm and 60 more% or more is 10-200nm, formation of increase and 
a porous layer becomes still easier, and, as for the particle diameter of the solute, the stability of dispersion 
liquid can obtain a nonwoven fabric with still few omission of a particle. 

[01 18] According to the manufacture approach of the nonwoven fabric invention according to claim 13, in 
addition to an effect of the invention according to claim 1 1 or 12, since a solvent is the compatible liquid of 
an alcoholic system organic solvent or an alcoholic system organic solvent, and water, removal of a solvent 
can become easy and the productivity of a nonwoven fabric can be raised. Moreover, stabilization of 
dispersion liquid and the condition of a porous layer can be raised further. 

[0119] According to the manufacture approach of the nonwoven fabric invention according to claim 14, to 
the nonwoven fabric equipped with the porous layer which contains anatase mold titanium oxide in any 1 
term of claims 1 1-13 in addition to the effect of the invention of a publication, since wavelength irradiates 
the ultraviolet rays which are 400nm or less, the front face of fiber can manufacture the nonwoven fabric 
equipped with the hydrophilic group easily. Moreover, since the organic substance adhering to a porous 
layer is disassembled, a cleaning effect can also be acquired. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPZ are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 11 





[Drawing 3] 
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[Translation done.] 
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